
Journal of Applied Sciences Research, 6(1): 89-96, 2010

© 2010, INSInet Publication

Corresponding Author: Hazem M., M. Hassan, Biochemistry Department, Faculty of Agriculture, Cairo University, Giza,
Egypt
E-mail: mohamedhz06@yahoo.com
Tel: 0020124147783 Fax: 002033257346

89

Studying the Interaction Between Some Plant Polysaccharides and
Potato Starch or Amylose

Hazem M. M. Hassan

Biochemistry Department, Faculty of Agriculture, Cairo University, Giza, Egypt

Abstract: The interaction between some polysaccharides (mucilages and gums) and potato starch or

amylose was investigated in vitro by visible spectroscopic analysis and microscopic examination. Plant

mucilages (taro, okra, Jew’s mellow and aloe vera mucilages) and gums (arabic, tragacanth, olibanium and

mastic gums) were used in this study. Potato starch (or amylose) solution was incubated with mucilages

or gums in different proportions (1:2, 1:4, 1:6 and 1:12) for 30 min at room temperature, then iodine

solution was added. Absorption spectrum of each mixture was followed up in visible light. The obtained

data showed that the addition of mucilages or gums to starch or amylose was followed by decreasing the

absorption spectra of starch-or amylose-iodine complex. There was negative correlation between

concentrations of mucilages or gums in model systems and absorption spectra. Also, the results showed

that Absorption spectra of completely formed starch-iodine complex were also decreased by adding of

mucilages and gums. The interaction of polysaccharides under investigation and starch was found to play

an important role in starch-based products to improve its characteristics.
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INTRODUCTION

Polysaccharides are naturally occurring polymers of

aldoses and/or ketoses linked together through

g l y c o s i d i c  l i n k a g e s .  T h e  I U P A C  d e f i n e s

polysaccharides chemically as carbohydrates with more

than 10 monomeric units . The naturally occurring[15]

food polysaccharides are classified into three groups:

storage polysaccharides (e.g. starch, fructans and

galactomannans), structural components of the plant

cell walls (e.g. cellulose, hemicellulose and pectins),

and isolated polysaccharides (e.g. gums, mucilages and

pectin). The plant mucilages and gums are

polysaccharides which form colloidal solution in water

from which they can often precipitated. They found in

a widespread number of plants and also in some

microorganisms. Polysaccharides constitute a class of

biopolymers with unique functional properties, such as

thickening, stabilizing and gel formation, which have

broad applications in food, pharmaceutical, medical,

cosmetic and petroleum oil drilling industries. As a

binding agent, polysaccharides have also found

applications in the landscaping industry as an

alternative binder to synthetic polymers, particularly in

environmentally sensitive areas. In addition to their

thickening and  gelling characteristics, some

polysaccharides are able to interact with other

polymeric materials, including other polysaccharides,

proteins and starches, either modifying each other's

properties, or giving synergistic effect to increase

viscosity or cause gelation, phase separation and other

physicochemical phenomena . Starch is one of the[3]

most important and abundant food hydrocolloids. It is

used not only as a main ingredient of staple foods but

also as a thickener, gelling agent, stabilizer, and fat

replacer in processed food products. Non-starch

hydrocolloids (mucilages and gums) are used in starch-

based products to improve stability, modify texture,

facilitate processing, reduce costs, control moisture and

show a variety of gelatinization and rheological

properties . The use of such combinations was[8 ,19 ,18]

found in food products such as bakery and cereal

products, fruit fillings, sauces, frozen foods, and

confectionary products . There are a few reports[22 ,24]

about the interactions between starch and gum that

discuss the mechanism.

Mixing of two different types or more of

polysaccharides is considered now a new tool for the

developing novel food products and food production

processes. The addition of xanthan, guar and

carboxymethyl cellulose gums to wheat starch was

followed by the modification of gelatinization of the

starch. The gums hasten the onset of initial past

viscosity and substantially increase final peak viscosity



J. Appl. Sci. Res., 6(1): 89-96, 2010

90

of wheat starch. The early onset of initial viscosity is

attributed to detection of the first stage of swelling and

is dependent on media viscosity only. Further

development of paste consistency can be attributed to

interactions of solubilzed starch, gums, and swollen

starch granules . Interactions of yellow mustard[2 ,14]

mucilage and locust bean gum with native and

acetylated pea starch were studied by a Brabender

viscograph, a Bohlin rheometer and DSC. The presence

of mustard mucilage or locust bean gum, the onset

temperature of the viscogram shifted to lower

temperatures, whereas the final viscosities of the pastes

increased markedly for both native and modified pea

starch. DSC studies demonstrated that the presence of

a hydrocolloid did not change the gelatinization

temperature of pea starch. The increase in starch paste

viscosity was due to synergistic interactions of starch

and gums . By combining rheological and turbidity[11 ,12]

measurements, Tecante and Doublier  investigated the[19]

interaction and viscoelastic properties of amylose–ê-

carrageenan mixtures under conditions allowing gelation

of the former and gelation or non-gelation of the latter.

They noticed that the absorbance and gel-cure profiles

were highly dependent on carrageenan concentration

and presence of salt. Shi and BeMiller  reported that[17]

the initial increase in viscosity occurring before pasting

of dilute normal maize starch–gum systems was

attributed to interactions between certain leached

molecules, primarily amyloses, and certain gums, i.e.

CMC, gellan, xanthan, guar gum and sodium alginate.

Weber et al.  analyzed the chemical interactions[23]

between guar and xanthan gums and starches. Gels

were obtained from normal (NCS), waxy (WCS) and

high-amylose (HACS) corn starches containing gums.

The guar (GG) and xanthan (XG) gums affected the

properties of the NCS paste more significantly than

those of the WCS paste. In the infra-red absorption

spectra, no covalent bonds between the starches and

gums were observed under the conditions studied, so

probably the only interactions occurring between them

were hydrogen bonds. However, there are few reports

on the interaction between mucilages and gums with

starch, especially mucilages and gums of this study.

The aim of this research was to study the

interaction between polysaccharides under investigation

and potato starch or amylose. This interaction is found

in food systems to provide proper texture, control

moisture and water mobility, improve overall product

quality and stability.

MATERIALS AND METHODS

Materials:

Plant M aterial: Three plant samples, taro tubers

(Colocassia esculenta, family Araceae); okra fruits

(Hibiscus esculenta L., family Malvaceae); and Jew’s

mellow leaves (Corchorous olitorius, family Tiliaceae),

and four gums, gum arabic (from Acacia Senegal,

family Leguminosae); gum tragacanth (from Astragalu

gummifer, family Leguminosae); gum olibanium (from

Boswella carterii, family Frankincense); and gum

mastic (from Pistacia lentiscus, family Anacardiaceae),

were purchased from a local market at Giza, Egypt.

Aloe leaves (Aloe vera, family Liliaceae) were

collected from Orman garden at Giza, Egypt.

Methods:

Extraction of Crude Mucilages: The crude mucilage

of taro was extracted from corms using the procedure

reported by Lin and Huang . The crude mucilages of[9]

okra and Jew’s mellow were extracted from the fruits

and leaves using the procedure reported by El-Mahdy

and El-Sebaiy . The crude mucilage of aloe vera was[4]

extracted from the leaves using the procedure reported

by Gowda et al. .[6]

Preparation of Gums: The crude gums were prepared

from gum arabic, gum tragacanth, gum olibanium and

gum mastic using the procedure reported by Tischer et

al. .[20]

Model System for Polysaccharide–starch or Amylose

Interaction: The polysaccharide-starch or amylose

interaction was studied using the method reported by

Shi and BeMiller  with some modification as follows:[17]

A known volumes (0.5, 1, 1.5 and 3 ml) of each

polysaccharide solution (0.1%) were added to 0.25 ml

of potato starch or amylose (1%) solution then mixed

well, and incubated at room temperature for 30 min,

then added 0.25 ml of iodine solution (0.01 M) and

mixed well after that distilled water was added to final

volume of 7.5 ml. Control was prepared by the same

procedure without polysaccharide. The spectral

absorption of starch or amylose-polysaccharide

interaction was determined by spectrophotometer. The

range scanned was 450-640 nm for starch-iodine

complex and 490-690 nm for amylose-iodine complex.

Effect of Polysaccharides on Starch or Amylose-

iodine Complex: 0.25 ml of iodine solution (0.01 M)

was added to 0.25 ml of potato starch or amylose

solution (1%) then added 3 ml of each polysaccharide

(0.1%), mixed well, and incubated at room temperature

for 30 min after that distilled water was added to final

volume 7.5 ml. Control was prepared by the same

procedure without polysaccharides. The spectral

absorption of starch or amylose-polysaccharide

interaction was determined by spectrophotometer. The

range scanned was 450-640 nm for starch-iodine

complex and 490-690 nm for amylose-iodine complex.
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Microscopic Examination of Starch Granules:

Photographs were taken for interaction between

polysaccharide and potato starch granules using an light

microscope equipped with a camera. 

Statistical Analysis: The results were analysed by an

analysis of variance (ANOVA). The results were

processed by CoStat computer program (1986).

RESULTS AND DISSCUSION

Interaction of Polysaccharides and Potato Starch or

Amylose: The interaction between polysaccharide-

polysaccharide has important significant in many

systems, especially food system. In order to studying

this interaction, the effect of mucilages or gums on the

starch or amylose-iodine complex was investigated. In

general, after incubation of starch (or amylose) solution

with mucilages or gums in different proportions (1:2,

1:4, 1:6 and 1:12) for 30 min at room temperature,

iodine solution was added. Absorption spectrum of

each mixture was followed up in visible light. In other

experiment, mucilages or gums were added to starch or

amylose-iodine complex after complete formation of

complex. Generally, after addition of iodine solution to

starch or amylose solution, mucilage or gum solution

was added to complex at ratio 1:12.

Interaction with Potato Starch: In this study, potato

starch-iodine complex was scanned from wavelengths

380 to 780 nm. It was observed that potato starch-

iodine complex possess clear absorption from 450 to

640 nm. So that this range was chosen to study the

effect of mucilages or gums on the absorption spectrum

of potato starch-iodine complex. In this respect, Figs.

(1 and 2) illustrate the spectra obtained from potato

starch-iodine complex and different concentrations of

mucilages and gums. In all cases, the addition of

mucilages or gums to starch-iodine complex was

followed by decreasing the absorption spectra. There

was negative correlation between concentrations of

mucilages or gums in model systems and absorption

spectra. Figs. (3A, 3B and 3C) illustrate the

microscopic examination of starch granules after

addition of okra mucilage and gum arabic (1:12) then

added iodine. The staining of starch granules by iodine

is decreased after addition of okra mucilage or gum

arabic in comparison with starch granules without

mucilage or gum.

The present study also revealed  that

polysaccharides under investigation were differed in

their effects. It can be concluded that the effect of

mucilages and gums in altering the absorption spectrum

of starch-iodine complex was in the following

decreasing order: okra mucilage> taro mucilage> Jew's

mellow mucilage> gum olibanium> gum mastic> gum

tragacanth> gum arabic> aloe vera mucilage.

Fig. (4) illustrates the effect of adding mucilages

or gums to starch-iodine complex. Unexpected results

were observed, in which the mucilages and gums

interfered with completely formed starch-iodine

complex. Absorption spectra of completely formed

starch-iodine complex were also decreased by adding

of mucilages and gums. Figs. (3A, 3D and 3E)

illustrate the microscopic examination of starch

granules with iodine then addition of okra mucilage

and gum arabic (1:12). The staining of starch granules

by iodine is decreased after addition of okra mucilage

or gum arabic in comparison with starch granules

without mucilage or gum. In conclusion, the decreasing

effects of mucilages on absorption spectra of starch-

iodine complex were in the following decreasing order:

okra mucilage> taro mucilage> Jew's mellow

mucilage> aloe vera mucilage. Also, the decreasing

effects of gums on absorption spectra of starch-iodine

complex were in the following decreasing order: gum

olibanium> gum mastic> gum tragacanth> gum arabic.

Interaction with Potato Amylose: As previous study

(interaction with potato starch), potato amylose-iodine

complex was also scanned from wavelengths 380 to

780 nm, in which the range of 490-690 nm was the

maximum absorption range. The effect of mucilages

and gums on the absorption spectrum of potato

amylose-iodine complex was studied in this range.

Figs. (5 and 6) illustrate the spectra obtained from

potato amylose-iodine complex and various mucilages

or gums in different proportions. Similar results as seen

in previous study (interaction with potato starch) were

reported. The same decreasing order was also seen

except gum arabic was more effective than gum

tragacanth.

The effect of mucilages and gums on absorption

spectra of completely formed amylose-iodine complex

was illustrated in Fig. (7). Similar results as seen

previously were observed, i.e. mucilages and gums

decreased the absorption spectra of completely formed

amylose-iodine complex. The decreasing effects of

mucilages on absorption spectra of starch-iodine

complex were in the following decreasing order: okra

mucilage> taro mucilage> Jew's mellow mucilage> aloe

vera mucilage. Also, The decreasing effects of gums on

absorption spectra of starch-iodine complex were in the

following decreasing order: gum olibanium> gum

mastic> gum arabic> gum tragacanth. 

Concerning the interaction of mucilages or gums

and starch (amylose and amylopectin) or amylose, the

obtained data clearly showed that these polysaccharides

prevent  the  formation  of  starch-iodine complex.

This effect may be due  to  the  interaction  between



J. Appl. Sci. Res., 6(1): 89-96, 2010

92

Fig. 1: Absorption spectra of potato starch-iodine complex after incubation starch with mucilages at various ratios

for 30 min at room temperature then added iodine solution. A: taro mucilage, B: okra mucilage, C: Jew's

mellow mucilage and D: aloe vera mucilage. The proportions of potato starch to mucilages were as follows:

1:0 (P), 1:2 (�), 1:4 (>), 1:6 (!) and 1:12 (×).

Fig. 2: Absorption spectra of potato starch-iodine complex after incubation starch with gums at various ratios for

30 min at room temperature then added iodine solution. A: gum arabic, B: gum tragacanth, C: gum

olibanium and D: gum mastic. The proportions of potato starch to gums were as follows: 1:0 (P), 1:2 (�),

1:4 (>), 1:6 (!) and 1:12 (×).



J. Appl. Sci. Res., 6(1): 89-96, 2010

93

    (A)

   (B)  (C)

   (D)   (E)

Fig. 3: Microscopic photographs of potato starch with iodine (A), potato starch with gum arabic (1:12) then added

iodine (B), potato starch with okra mucilage (1:12) then added iodine (C) potato starch with iodine then

added okra mucilage (D) potato starch with iodine then added gum arabic (E).

Fig. 4: Absorption spectra of potato starch-iodine complex after addition mucilages (A) and gums (B) to complex

at ratio (1:12) and incubation for 30 min at room temperature. ×: amylose-iodine complex, !: taro

mucilage, P: okra mucilage, � : Jew's mellow mucilage, �: aloe vera mucilage, 9:  gum arabic, ": gum

tragacanth, ": gum olibanium and Î: gum mastic.

polysaccharide and starch chains. Consequently, this

interaction alters the conformation of amylose and

amylopectin chains, accordingly the mucilages and

gums under this study prevent the binding of iodine

with amylose or amylopectin. Therefore, the absorption

of amylose- or amylopectin-iodine complex is

decreased by adding mucilages or gums. These

explanations are in agreement with those of

Christianson et al. , Liu and Eskin , Sudhakar et al.[2] [10]

 Shi, and BeMiller, , Funami et al.  and Kaur et[18] [17] [5]

al. .[7]

Rheological studies indicated interaction between

aloe vera gel and the algal polysaccharides and xanthan

gum as shown by increased apparent viscosities,

apparent yield points, and, in some cases, hysteresis but

not with guar gum. These properties did not deteriorate

during storage. It was therefore proposed that the algal

polysaccharides or xanthan gum could serve to stabilize

the network structure of fresh aloe vera polysaccharides

. However, it was proposed that the mechanism of[25]

polysaccharide-polysaccharide interaction involved in

the  in te rac t io n  of  the  s id e-cha ins  o f  the

polysaccharides. For example, it has been known that

xanthan gum synergistically interacts with locust bean

galactomannan. In this interaction, the single strand

xanthan  interacts  with the  adjacent linear mannosyl
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Fig. 5: Absorption spectra of potato amylose-iodine complex after incubation amylose with mucilages at various

ratios for 30 min at room temperature then added iodine solution. A: taro mucilage, B: okra mucilage, C:

Jew's mellow mucilage and D: aloe vera mucilage. The proportions of potato amylose to mucilages were

as follows: 1:0 (P), 1:2 (�), 1:4 (>), 1:6 (!) and 1:12 (×)..

Fig. 6: Absorption spectra of potato amylose-iodine complex after incubation amylose with gums at various ratios

for 30 min at room temperature then added iodine solution. A: gum arabic, B: gum tragacanth, C: gum

olibanium and D: gum mastic. The proportions of potato amylose to gums were as follows: 1:0 (P), 1:2

(�), 1:4 (>), 1:6 (!) and 1:12 (×)..                   
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Fig. 7: Absorption spectra of potato amylose-iodine complex after addition mucilages (A) and gums (B) to complex

at ratio (1:12) and incubation for 30 min at room temperature. ×: starch-iodine complex, !: taro mucilage,

P: okra mucilage, � : Jew's mellow mucilage, �: aloe vera mucilage, 9: gum arabic, ": gum tragacanth,

": gum olibanium and Î: gum mastic.  

segments of the galactomannan . The synergistic[13]

interactions between yellow mustard mucilage (YMM)

and galactomannans, particularly locust bean gum

(LBG), and its potential food applications. In addition,

synergistic interactions between YMM, with or without

LBG, on starch paste viscosity .[3]

Concluding Remarks: Finally, it could be concluded

that interaction between polysaccharides under

investigation and potato starch or amylose can be used

in starch-based products to improve its characteristics.
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